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Abstract
This paper is aimed at proposing a single layer, single feed, 
compact microstrip patch antenna for multifrequency operation. 
An open ended narrow rectangular slot is introduced at the left side 
radiating edge of the patch to reduce the size of the antenna and 
also to obtain multiple resonant frequencies. The simulated result 
shows that the size of the antenna has been reduced by 70%.The 
proposed antenna is designed for operating at 3.18GHz, 5.45GHz, 
6.36GHz and 8.0GHz.The structure of the antenna is designed and 
simulated using method of moment based I3ED software.
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I. Introduction
In modern wireless communication systems, the multiband 
antenna has become one of the most important circuit elements 
and attracted much interest. The microstrip antenna is one of the 
most preferred antenna structures for wireless communication 
devices and handheld communication devices due to its small 
size, light weight, low profile and easy integration with other 
components. One of the physical characteristics of these handheld 
and wireless communication devices are their small size. To 
reduce the size of these devices, the size of the components used 
inside these devices has to be reduced. As microstrip antenna 
is one of the components being used, the size of these devices 
depends on this antenna to a large extent. Therefore, one of the 
techniques of reducing the size of the wireless and handheld 
communication devices is to reduce the size of the microstrip 
antenna. A number of techniques have been reported to reduce the 
size of a microstrip antenna. The simplest of them is by modifying 
the radiating patch or by modifying the ground plane [1-7]. It 
was reported by Kuo and Wong [1] that by embedding three 
meandering slots in the ground plane of rectangular microstrip 
patch antenna, the size of the antenna can be reduced by 56%. 
S.Rezvani reported that antenna size reduction of 34% can be 
achieved by using slotted microstrip patch antenna with defected 
ground plane [2]. A maximum antenna size reduction of 41% 
with multifrequency operation was achieved in [3] by varying the 
positions and dimensions of the rectangular slots on the patch. It 
was also reported by L.L.K.Singh [4] that by using cross slot on 
the rectangular and trapezoidal patch, the size of the antenna can 
be reduced by 34% and 41% respectively. In ref. [5], a maximum 
size reduction of 46.2% was achieved by introducing a triangular 
slot at the upper edge of the patch. A maximum size reduction of 
less than 40% was reported in [6] for slotted edge fed microstrip 
antenna. It was reported by H.Malekpoor [7] that by cutting the 
different slots’ length on the patch and using unequal resonance 
arms, the size of the microstrip patch antenna can be reduced by 
37% with multi-frequency operation. The work presented in this 
paper also relates to compact multi frequency operation obtained 
by cutting an open ended narrow rectangular shaped slot on the 

left side radiating edge of the patch. Our aim is to reduce the 
antenna size and also to achieve multiple resonant frequencies 
only by modifying the patch with simple ground plane (without 
any slots).With the introduction of an open narrow rectangular 
shaped slot on the antenna, multiple resonant frequencies are 
obtained and also the size of the proposed antenna structure has 
been reduced by 70% in comparison to conventional rectangular 
microstrip antenna with same patch area. The novelty of our work 
is that we have achieved multifrequency operation with better size 
reduction in comparisons to [1-7] by cutting only single optimized 
narrow rectangular slot on the radiating patch. The reduced size 
multi-frequency microstrip antenna proposed in this article could 
be promising for a number of modern wireless communication 
systems due to its small size, light weight, low cost and good 
working characteristics.

II. Antenna Design

A. Antenna1 (Conventional antenna):
Width (W) and Length (L) of Antenna1 is calculated from 
Conventional equations [8]. The length and Width of antenna1 
(conventional antenna) operating at frequency 5.5GHz are 12mm 
and 16mm respectively with substrate thickness h=1.5875mm 
and dielectric constant εr=4.4(FR-4). Fig. 1 shows the structure 
of the conventional microstrip antenna with length (LP)=12mm 
and width (WP)=16mm. Coaxial probe-feed (radius=0.5mm) is 
located at a position W/2(8mm) and L/3(4mm) from right side 
edge of the patch for best impedance matching.

Fig. 1: Configuration of Antenna 1 (Conventional antenna)

B. Antenna2 (Proposed Antenna)
The structure of antenna2 (proposed antenna) designed with 
similar FR-4 substrate is shown in fig. 2. An open ended narrow 
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rectangular slot is introduced at the left side of the patch to reduce 
the size of the antenna and also to obtain multiple-frequencies 
from the antenna. The coaxial probe feeding point is located at 
an optimized position X=2.5mm, Y=0mm from centre(X=0mm, 
Y=0mm) of the patch to achieve multiple frequencies with best 
impedance matching. Alteration of location of the feed point 
results in narrower 10dB return loss bandwidth and less sharp 
resonances. 

Fig. 2:Configuration of Antenna2 (Proposed Antenna)

III. Results and Discussion
The simulated return losses of the conventional and proposed 
antenna were studied using MOM based IE3D software [9]. The 
simulated reflection coefficient versus frequency of conventional 
and proposed antenna is shown in figure 3. The simulated value 
shows that the conventional antenna resonates at 5.45GHz 
with reflection coefficient of about -27dB. The simulated result 
of proposed antenna shows that due to the presence of slot on 
the patch, the resonant frequencies are obtained at 3.18GHz, 
5.45GHz, 6.36GHz and 8.0GHz with reflection coefficient of 
about-19.59dB,-13.04dB,-16.06dB and -11.14dB respectively. 
The size of the antenna has been reduced by 70% for first resonant 
frequency 3.18GHz in comparison to the conventional rectangular 
microstrip patch antenna (antenna1) with same patch area.

Fig. 3: Simulated Reflection Coefficient of Conventional and 
Proposed Antenna 

Fig. 4: Simulated E Plane Radiation Pattern of Proposed Antenna 
(a) 3.18GHz (b) 5.45GHz (c) 6.36GHz (d) 8GHz

Fig. 5: Simulated Gain of the Proposed Antenna

Fig. 6: Simulated Radiation Efficiency of the Proposed Antenna

The Simulated E-plane radiation patterns of proposed antenna 
at different resonant frequencies are shown in figs. 4(a)-4(d). 
From the radiation patterns it can be observed that there is 
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almost stable response throughout different operating frequency 
bands. The simulated 3dB beam width of the proposed antenna at 
3.18GHz, 5.45GHz, 6.36GHz and 8GHz are 770,700, 720 and 72.60 
respectively. The simulated gain of the proposed antenna is shown 
in figure 5. Simulated peak gains of proposed antenna at 3.18GHz, 
5.45GHz, 6.36GHz and 8GHz are 4.45dBi, 5.10dBi, 2.70dBi 
and 1.27dBi respectively. The simulated radiation efficiency of 
the proposed antenna is shown in figure 6. The peak radiation 
efficiency of the proposed antenna is 76% at 5.45GHz.  

IV. Conclusion
Theoretical investigations of a single layer, single feed, compact 
multi frequency microstrip patch antenna has been carried out 
in this article. Introducing an optimized open ended rectangular 
slot on the patch, size reduction of about 70% has been achieved 
with increased frequency ratio and multi frequency operation. 
Furthermore, the proposed antenna shows considerably good 
radiation characteristics with stable gains across the operating 
frequencies. The 3dB beam-width of radiation patterns for 
the proposed antenna varies in between 700 to 770 which are 
acceptable for typical microstrip antenna. Thus, the proposed 
antenna could be promising for a number of modern wireless 
communication standards such as WiMAX and WLAN wireless 
application bands.
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